Abstract Processes such as competition and facilitation are believed to be important in defining pollination niches in species-rich plant communities. Species with similar floral phenotypes are expected to flower together where this facilitates pollination, while differences in floral phenology are expected if such flowers compete for pollinators. These expectations were tested at seven sites by comparing the observed co-flowering of plants with similar floral phenotypes with null model outcomes. Phenotypic classifications were evaluated using observations of plant-pollinator interactions. Pollinator guilds differed in the number of visits made to flowers in different floral colour and shape categories, indicating that such categories were ecologically relevant. For species with complex flowers, each floral category contained few species, so that the observed low occurrence of co-flowering could be explained by chance. In contrast, within phenotypic categories species with simple flowers bloomed together more than expected at three sites, but these overlaps could be explained by family membership. Most species with complex flowers could be segregated into unique pollination niches by broad floral colour and shape categories, so that there was little opportunity for competition between flowers within such categories. Species with simple floral phenotypes were less well defined by floral phenotype and phenology. Historical sorting may explain differences between complex flowers, while co-flowering between species with simple flowers requires further investigation. Differences found between species with simple and complex flowers suggest that levels of phenotypic specialisation should be taken into account in community level studies of pollination systems.
Introduction
In recent years, significant complexity has been discovered beneath the surface of apparently intuitive pollination syndromes (Ollerton et al. 2009 ) which associate plants with groups of pollinators innately attracted to their floral displays (Faegri and van der Pijl 1979) . In fact, many pollinating insects are flexible in their foraging preferences, reacting to differences in floral reward, rather than simply on the basis of innate preference (Cartar 1991 (Cartar , 2004 Goulson 1999) . In temperate communities, pollination web studies have revealed that many plants with highly specialised floral architecture attract a broad range of pollinators Vá zquez and Aizen 2004) , while apparently generalist flowers may be effectively pollinated by only a small subset of available floral visitors (Ollerton et al. 2007 ). These findings have led to a questioning of traditional ideas about pollination systems. There has been a move away from the view that most plants and pollinators interact in specialised relationships, with floral phenotype and flowering phenology determined by the preferences and availability of particular pollinator species (Waser et al. 1996) .
More recent attempts to categorise plant species according to their pollination strategy address some of the complexity discovered in plant-pollinator interactions, and move on from the traditional concept of the pollination syndrome. Ollerton et al. (2007) describe three important types of floral specialisation, providing a framework for testing how pollination niches are structured in species-rich plant communities. Phenotypic specialisation refers to the level of floral adaptation Electronic supplementary material The online version of this article (doi:10.1007/s11284-013-1116-z) contains supplementary material, which is available to authorized users.
displayed by a species, and is often associated with functional specialisation (referring to the broad taxonomic group of pollinators that serves a flower). Ecological specialisation (which describes the number of species that are effective pollinators of a plant in a particular environment) may or may not be associated with phenotypic or functional specialisation. The types of specialisation described above may be expected to enable plants to co-exist in pollination niches defined by differences in the taxa of pollinators that serve them. However, the foraging fidelity expressed by individuals of a pollinating species (for example the constancy shown by individual bumblebees) may also allow plants to co-exist despite sharing often generalist pollinator species (Levin and Anderson 1970) . This behavioural mechanism for co-existence can operate within pollination niches defined by functional and ecological specialisation. Where the reproductive success of plants is improved by the increased fidelity of individual pollinators, there may be a selective pressure for the floral displays of sympatrically flowering species to be differentiated from each other (Waser 1978 (Waser , 1983 Morales and Traveset 2008) , allowing pollinators to discriminate between flowers more accurately, and thereby maintaining an efficient pollination service for each flower species (Levin and Anderson 1970; Waser 1978; Armbruster et al. 1994) . In certain circumstances, processes of facilitation (such as magnet species effects) and mimicry may lead instead to a convergence of flowering phenology or floral phenotype between species in similar pollination niches (Brown and Kodric-Brown 1979; Hunter and Aarssen 1988; Laverty 1992; Johnson et al. 2003; Moeller 2004) . In this context, the term 'pollination niche' can be defined in a broad sense, including all strategies for the maintenance of highquality pollination services in the presence of other plant species. Such niches may or may not rely on restricting effective pollination to a taxonomic subset of available pollinators.
It may be expected that the effects of competitive and facilitative processes on flowering phenology will be most pronounced between species that are similar in floral phenotype, as these are most likely to be confused by foraging insects. Several studies have investigated flowering phenology at a community level, and in the context of other floral traits such as colour (Bosch et al. 1997; Gumbert et al. 1999; Arnold et al. 2009a) . Using a null model approach to study flowering phenology in twelve plant communities, Arnold et al. (2009a) found that the flowering times of species with similar floral colours did not overlap any more or less than expected by chance. Any significant differences could be accounted for by the relatedness of the species sampled. Arnold et al. (2009a) focused solely on the interaction of floral colour and flowering phenology in their investigations, and did not consider floral shape. However, insect pollinators such as bees have been shown to use floral shape to increase the accuracy of their choices between flowers of similar colour (Dyer and Chittka 2004; Gegear and Laverty 2005) . Therefore, evidence of niche displacement or facilitation is most likely to be found between plant species with flowers similar in both floral colour and shape, because such species are most likely to be confused by visiting insects.
The present investigation examined flowering phenologies in British grasslands, in order to test for evidence of competition or facilitation between plants in species-rich communities. In addition, the roles of phenotypic and functional specialisation in the definition of pollination niches were examined. Plants were divided into categories defined by floral colour and shape, and levels of co-flowering between species within these categories were compared to the levels of co-flowering returned by null models. Competition for pollinators was expected to reduce the co-flowering of species with similar floral phenotypes below the level expected by chance. If there were more co-flowering than expected, this would support the idea that facilitative interactions improved the reproductive success of co-flowering species, or that flowering phenology was associated with particular pollination syndromes. Alternatively, coflowering between closely related species may indicate phylogenetic constraints in flowering phenology (Arnold et al. 2009a ). This possibility was investigated using a null model to determine whether family membership could explain high levels of co-flowering.
The role of functional specialisation in the definition of pollination niches was assessed through observations of the floral visits made by insects, with flowers categorised by shape and colour. These observations also acted to test the relevance to pollinator guilds of the colour and shape categories used in the investigation of flowering phenology. Phenotypic specialisation crosscuts functional and ecological specialisation, in that it is not necessarily indicative of a species' level of functional or ecological specialisation (Ollerton et al. 2007 ). In order to investigate if the structure of pollination niches for phenotypically specialised and generalised flowers differed, analyses were carried out separately for flowers with complex and simple forms.
Methods

Survey sites
Seven species-rich grassland plant communities were studied in west Wales between April and September 2008. Four of these sites are hay meadows (CH, LH, PH and TH) and three are extensively grazed wet grasslands (RF, RG and RH) within 40 miles of Aberystwyth University. With the exception of CH and LH, each site has been traditionally managed for at least 100 years. Site location, size and management details can be found in the Appendix. Visits were made fortnightly (Gumbert et al. 1999; Arnold et al. 2009a ) and all insect-pollinated species in flower at each site were recorded following the method of Arnold et al. (2009a) . The timing of the survey included the flowering periods of the majority of species found at the sites, as given by Fitter and Peat (1994) . Over the study period, all of the insect-pollinated species identified at each site were observed in flower on at least one visit, indicating that there were no species whose flowering periods were overlooked by fortnightly recording. In total, 58 visits were made to the sites; hay meadow sites were visited less often than wet grassland sites, because at LH, PH and TH, grazing followed the late summer hay cut and there were very few further flowers to observe. CH was not grazed following cutting, and surveying resumed 6 weeks after the hay cut, when plant species had begun to flower again (Appendix S1 has visit details and timing of hay cuts; see supplemental data with the online version of this article).
Floral categorisation: shape and colour Flowers were divided into floral shape categories, based on those defined by Faegri and van der Pijl (1979) and Barth (1985) (Table 1 , and Appendix S2 has detailed descriptions of shape categories; see supplemental data with the online version of this article). They were also categorised by human colour group and bee colour group, following Arnold et al. (2009a) (Table 1) . Using bee colour categories allowed floral colours to be analysed using a system relevant to current modelling of bee colour vision (Arnold et al. 2009b ). This provided a useful contrast to human perceptual categories which may be less ecologically relevant to the evolutionary processes affecting flowers (Bennett et al. 1994) .
In order to divide flowers into bee colour groups, objective estimates of floral colour across the insectvisible spectrum were required. Floral colours were recorded as reflectance spectra from 300 to 700 nm. These measurements include the visual range of most flower visiting insects (Chittka et al. 1994) . Spectral reflectance was recorded using a USB4000 Plug-and-Play Miniature Fiber Optic Spectrometer (Ocean Optics, Duiven, Netherlands) with a PX-2 Pulsed Xenon Lamp as a light source (Ocean Optics). Petals were placed beneath the aperture of a Reflection Probe Holder (RPH-1, Ocean Optics) with a 6.35 mm diameter aperture. The reflection probe holder was connected to the spectrometer and light source by a QR400-7-UV/BX Reflection Probe (Ocean Optics). Before spectral measurements were taken the spectrometer was calibrated against a Diffuse Reflectance Standard (WS-1, Ocean Optics).
For each species, floral colour was measured by sampling the part of the flower that accounted for the largest area of the floral display; for example in most cases petals were sampled, but for some species in families such as the Asteraceae, ray florets were sampled. For simplicity in the text below the term 'petal' is used as short-hand for the sampled area. For each species, the reflectance spectra of petals were averaged over all samples by calculating the mean of the reflectance values recorded at each wavelength. Petals from ten flowers were sampled for each species at each site where they flowered, and were collected from plants at least 5 m apart to improve the representativeness of samples vis a vis the local population. In the bee colour space model, colours (reflectance curves) are plotted as points according to the relative excitation of bee photo-receptors elicited by them, so that the distance between points is related to the ability of social bee species to discriminate between them (Chittka 1992) . Bees have photoreceptors with maximal sensitivity in the UV (340 nm), blue (430 nm) and green (540 nm) areas of the spectrum, and the broad colour categories into which the colour space is divided represent the photo-receptors mainly excited by a particular colour (for example, a 'bee green' colour would mainly excite the green photo-receptor) (Chittka et al. 1994) . Previous studies have found that the distribution of floral colours in nature corresponds well with the six floral colour categories defined (Table 1) indicating that the system provides a useful classification for petal colours (Chittka et al. 1994; Arnold et al. 2009b) .
After initial tests to assess the effect of storage on petal samples, flowers were stored in the field in polyethylene bags inside a cool box and analysed on the day of sampling (within a maximum of 6 h of collection). This appeared to minimise colour changes due to storage and transportation. Very small flowers were difficult to store intact and to analyse consistently, and were omitted from this survey. Flowers of these species accounted for <3 % of floral abundance over all sites surveyed. Euphrasia sp. L. flowers displayed a complex pattern of floral colours which were not possible to measure independently of each other. Therefore, these species were also excluded from analyses. Flowers of Euphrasia sp. accounted for 9 % of the floral abundance over all sites surveyed. To test for any effect of excluding Euphrasia sp. flowers, the bee colour group analysis was repeated with the species classed as bee green (the recorded colour when petals were analysed whole using the spectrometer) and then as bee blue-green (the bee colour category associated with the majority of human white flowers). The inclusion of the species in either colour group did not affect the outcome of the analyses, because no other species shared the combination of bee colour and floral shape traits it expressed. It was possible to measure the floral spectra of all other species unambiguously.
Observations of floral visitors
To test whether the phenotypic categorisations applied to flowers were related to functional specialisation to particular taxonomic groups of floral visitor, observations were made of plant-pollinator interactions at each site. The aim was to determine whether different insect taxa discriminated between flowers on the basis of the phenotypic categories described, or whether they were equally likely to visit flowers in any floral colour or shape category. Observations of floral visitors were made during 30-min walks along fixed band transects of 100 · 2 m, running diagonally across each site. A transect method was chosen to reduce the chances of recording many repeated floral visits by individual insects, and to avoid focusing on individual stands of flowers within a site. Transects were walked when the weather was dry and warm enough for insects to be active (this was the case on 46 of 58 site visits) with observations made between 10.30 a.m. and 3.30 p.m. to ensure that most flowers were open. Nocturnal insects (particularly moths) may be important pollinators for some plant species (Proctor et al. 1996; Huber et al. 2005) . However, in this survey only the behaviour of diurnal insects was considered; these include the species believed to be the most important pollinators of temperate grassland communities (for example the social bees) (Gumbert et al. 1999; Arnold et al. 2009a) . Any floral visitors observed on flowers were recorded, as well as the plant species they were associated with. Insects were either identified in the field, captured in specimen tubes for identification in the lab, or assigned to a broad classification where neither of these was possible.
Flowers visited by insects were allocated to human and bee floral colour categories and floral shape categories (Table 1) so that visits by each type of pollinator could be described in terms of the colour and shape of the flowers visited. The proportion of visits made by each type of insect to flowers in different floral colour and shape categories was analyzed using v 2 tests of independence. Due to poor weather, sample sizes were only large enough to analyse insect groups at a broad taxonomic level, using the following groupings: all bees, hoverflies, flies (other than hoverflies), Lepidoptera. The number of shape categories (Table 1) into which flowers were divided also meant that some plant-visitor interactions produced very low expected values when v 2 tests were performed. As a result, interactions with funnelshaped flowers were excluded from the dataset when visits to different shape categories were analysed (three observations) as well as interactions with Lepidoptera (60 out of 1179 observations).
Null models of flowering phenology
A script was written in Matlab Ò (MathWorks Inc., Natick, Massachusetts) to calculate the number of times that pairs of species in the same floral colour and shape category co-flowered (Appendix S3, see supplemental data with the online version of this article). Species were recorded as co-flowering when one or more open flower of each species was observed at a survey site during a given visit. Floral colour and shape categories were defined as shown in Table 1 . For each study site the number of co-flowering pairs within each category was summed across all survey visits. The observed numbers of co-flowering pairs were then compared with the outputs of a null model in which flowering times were randomised. Flowering phenology is likely to be constrained by abiotic factors such as temperature and rainfall, in addition to biotic factors such as pollinator and predator interactions (Elzinga et al. 2007) . As a result, flowering schedules generated completely at random may not be realistic (Castro-Arellano et al. 2010 ). To avoid this problem, the null model created here retained the actual flowering phenologies of the species within each plant community, re-allocating them randomly within the species pool at each study site. For each of five thousand iterations of the model, the number of co-flowering pairs of species of the same floral colour and shape was calculated. The proportion of iterations in which the null model returned a number of pairs equal to or more extreme than the observed number of co-flowering pairs provided a P value.
If the first null model returned a significant P value (P < 0.05) a second null model (Appendix S3, see supplemental data with the online version of this article) was used to assess whether membership of taxonomic family could explain the significance. The second null model allocated species to flowering time data at random in the same way as the first, but only within plant families. As phenotypic specialisation in plant species cross-cuts ecological and functional specialisation (Ollerton et al. 2007 ) the analyses above were carried out separately for flowers with simple and complex floral shapes, in order to test for differences in the processes affecting phenotypic generalists and specialists.
Results
Plant-pollinator interactions
At the seven survey sites, broad groups of floral visitors differed significantly in the proportions of visits they made to flowers in the different floral colour and shape categories defined (Figs. 1, 2) . Using human colour categorisations (Fig. 1a) bees visited more pink and fewer blue and white flowers than expected by chance, while hoverflies visited more blue and fewer pink flowers. Flies visited fewer blue and pink flowers and more white and yellow flowers than expected, while Lepidoptera visited fewer blue and more pink and white flowers. Pollinator guilds also differed significantly in the proportions of flowers visited in different bee colour groups (Fig. 1b) . In most colour groups, the bee colour of flowers closely matched a single human colour category; all human yellow flower species visited by insects were UV green and eight out of ten pink-flowered species (accounting for 98 % of observed visits) were in the UV blue category. Three out of four blue-flowered species were UV blue, and only two of the visits observed were made to the single bee blue species, Myosotis scorpioides L. Ten out of twelve white-flowered species were blue-green, but interactions with these species accounted for 24 % of observed insect visits, with all but two of these interactions being between insects and flowers of Cardamine pratensis L. Flies made a higher proportion of visits to species with blue-green flowers than other insect groups (105 visits) and a lower proportion of visits to UV blue flowers (13 visits). The relative proportions of UV green flowers visited by each pollinator guild were identical to those for human yellow flowers.
Bees were observed at fewer disk-and umbel-shaped flowers, and at more lip-shaped flowers, than expected (Fig. 2) in contrast to flies which visited more umbelshaped flowers, and fewer lip-and basket-shaped flowers. Hoverfly species appeared to visit mainly basketshaped flowers, with fewer visits than expected to lipand umbel-shaped flowers.
Flowering phenology
Forty species with complex floral shapes and 29 species with simple floral shapes were recorded across the study sites (Table 2) . Appendix S1 (see supplemental data with the online version of this article) shows all species identified at each of the seven survey sites, along with their floral colour and shape category and their flowering phenology. Analyses of the number of site visits when pairs of species in the same phenotypic groups were observed to co-flower showed that between 63 and 97 % (human colour categories) and 57 and 97 % (bee colour categories) of such co-flowering events were between species with simple floral shapes (Tables 3, 4) . Using human colour categories, the number of coflowering events between species with complex floral shapes was not significant at any site. Species with simple flowers flowered together on more occasions than expected by chance at three sites (CH, PH and RG). On all occasions the significant effect could be explained by similarities in flowering phenology within families.
Comparisons of the flowering phenologies of species with similar floral phenotypes were repeated for floral colour groups defined by bee visual categorisations (Table 4) . At four sites the outcomes of the analyses of species with simple floral shapes were identical to that for human colour categories. At the remaining three sites species with simple flowers co-flowered more than expected (at LH, RG and RF). In all cases, the number of co-flowering incidences could be explained by similarities in the flowering times of species within families. Species with complex floral shapes co-flowered more than expected at one site (RH, 47 pairs, P < 0.05). This significant number of co-flowering pairs could not be explained by similarities in the flowering times of species within families.
Discussion
This study investigated flowering phenology in speciesrich temperate grasslands. The aims were to determine if plant species with phenotypically similar flowers bloomed together less than expected (indicating competitive niche displacement) or more than expected (indicating facilitative interactions between plants for pollinators, the existence of pollination syndromes or phylogenetic constraints) and to assess the roles of functional and phenotypic specialisation in defining pollination niches.
Most plant species within the communities studied were uniquely defined by floral phenotype and phenology. This suggests that there is enough inter-specific diversity amongst the majority of flowers to support functional and ecological specialisation. Inter-specific differences in floral phenotype and phenology should also enable individual pollinators to maintain fidelity to chosen flowers, increasing the chances for the stable coexistence of plant species even where pollinator species are shared (Levin and Anderson 1970) . However, a number of plants with simple floral phenotypes coflowered with related species with similar floral colours and shapes.
Functional specialisation
Observations of interactions between flowers and their insect visitors both confirmed the relevance of the phenotypic floral classification used in this investigation, and were consistent with the idea that broad groups of pollinators differ in their innate preferences for different types of flower (consistent with functional specialisation and with the existence of pollination syndromes). Dicks et al. (2002) found that plant-pollinator interactions at two sites in Norfolk showed a compartmentalisation of resources by broad pollinator type, with two major pollinator groups: bees and butterflies, and a group of flies. The data collected here suggest a similar broad division of the floral resource at the seven grasslands studied (Figs. 1, 2) .
Using bee colour categories to interpret interactions between pollinator guilds and flowers returned similar results to those produced using human colour categories. This was the result of a high level of overlap between human and bee floral colour categories, including the categorisation of all human yellow flowers as UV green. Where differences were observed between bee and human colour groupings they often had little effect on results, as the species concerned were visited by few insects. However, a large number of insects were observed at flowers of C. pratensis, a human white flower which often displayed a pink tinge in the field; this variation in colour was revealed as a shift from blue-green to bee blue when the species' average floral spectra was plotted in bee colour space. Using spectral analysis as a basis for bee colour categorisation revealed some inter-specific differences hidden within visually assessed human colour categories. The existence of subtle differences in colour between species within broad colour groups could indicate further phenotypic differentiation of the pollination niches of apparently similar flower species. However, where there is also intra-specific variation in floral colour (as observed in C. pratensis) this may reduce the ability of insect visitors to discriminate between species using floral colour alone. This type of intra-specific variation may be particularly important where environmental conditions affect the visual perception of pollinator guilds (Dyer and Chittka 2004) and may add to the importance of other phenotypic differences (such as floral shape and scent) in the identification of flowers by pollinator guilds. Further analysis of floral colours within-and between-species in the communities studied would be useful in understanding the extent of such phenotypic variation, and its effects on the behaviour of pollinator guilds.
In part, the visitation patterns displayed by insects may have reflected 'forbidden' links between plants and pollinators . For example, only larger insects such as bees are heavy enough to press down the keel and expose the stigma and pollen in butterfly-shaped flowers (Barth 1985) so that the observation that few flies were seen at such flowers was no surprise. However, in other cases-for example the difference in the proportion of visits to disk-shaped flowers made by bees and flies (Fig. 2) -behavioural preference rather than mechanical exclusion is likely to underlie the visitation patterns observed. With the exception of flies and lip-shaped flowers, and hoverflies and butterfly-shaped flowers, few interactions between broad insect groups and floral shape and colour categories were completely absent (Figs. 1, 2 ). This finding indicates that, in most cases, innate preferences shown by floral visitors do not prevent insects from visiting different floral types, at least at the broad taxonomic level investigated. This is consistent with much previous research, which has shown innate preferences for a P values indicate the proportion of times that the observed number of co-flowering pairs was greater than the null (+) or less than the null (À). Bold (+) P values show that species of the same floral categories co-flowered more than expected, bold (À) P values show that they co-flowered less than expected. P values are from null model iterations (see text) b 'FC' indicates that significant results could be explained by correction for family membership a P values indicate the proportion of times that the observed number of co-flowering pairs was greater than the null (+) or less than the null (À). Bold (+) P values show that species of the same floral categories co-flowered more than expected, bold (À) P values show that they co-flowered less than expected. P values are from null model iterations (see text) b 'FC' indicates that significant results could be explained by correction for family membership particular floral traits among flexible generalist pollinators such as bumblebees (Lunau and Maier 1995; Gumbert 2000; Raine and Chittka 2007; Ings et al. 2009 ). By pooling species-specific data into broad categories, and analysing data collected over time, it is possible that some observed preferences for a given floral phenotype may have been heavily dependent on interactions within a more specific plant-pollinator relationship. For example, 299 out of the 554 interactions between hoverflies and flowers were observed at wet grassland sites in August and September 2008, and 78 % of these were between hoverfly species and the blue, basket-shaped inflorescences of Succisa pratensis Moench. Further studies, which take into account the relative abundance of different floral types when estimating insect preference, and include a more precise categorisation of interactions (for example to species level) would provide an important test of the broad patterns of interaction identified here.
The evolution of flowering phenologies to coincide with the emergence of particular pollinator guilds (and vice versa) is an important aspect of the pollination syndrome concept (Faegri and van der Pijl 1979; Arnold et al. 2009a) . From this perspective, there may be a causal link between the flowering phenology and phenotype of S. pratensis and the abundance of hoverflies at wet grassland sites in late summer. The data collected here cannot confirm such a relationship, but indicate that further studies, for example analysing the effectiveness of hoverflies as pollinators of S. pratensis and testing their floral preferences experimentally, could shed more light on the role of functional and ecological specialisation in the pollination niche structure of the communities studied.
Phenological overlap among complex flowers
For species with complex floral phenotypes, null model analysis showed that the level of co-flowering between species in the same floral categories did not differ significantly from that expected by chance. Therefore, there was no evidence of phenological niche displacement, given the plant species present on the sites studied. However, categorisation by colour, shape and flowering phenology allowed most species to be uniquely defined from each other. One explanation for this finding is that species sorting (Herrera 1992) in the past may have reduced the number of plant species competing within each available pollination niche, so that those plants that remain are often the sole representatives of particular pollination strategies. In this case, there may be no further selective pressure for already well-differentiated flowers to diverge further in flowering phenology. The finding that the high proportion of visits to blue, basketshaped flowers by hoverflies was mainly based on interactions between these floral visitors and flowers of S. pratensis is consistent with the idea of single plant species representing particular pollination syndromes, although further investigation would be required to confirm this theory.
The relatively high number of floral colour (four) and shape categories (ten) identified reduced the chances that observed co-flowering would be significantly different from null model returns. However, many aspects of floral phenotype, such as scent, reward quantity and quality, and nectar guide patterns were not taken into account here, while it is known that many pollinators are able to use both floral colour and shape to improve their ability to discriminate between subtly different flowers (Dyer 1998) . As a result the assumption that pollinator guilds could discriminate between the categories of flower described here may be considered relatively conservative, while a consideration of other aspects of floral phenotype could have added many further categories. The phenotypic diversity of flowers in the communities studied appears more than adequate to enable species with complex flowers to inhabit relatively exclusive phenotypic niches, without diverging significantly in flowering phenology.
In some cases, the division of species into floral categories was problematic, and alternative classifications would have been equally logical. For example, compound flowers of the Asteraceae were classed as 'basket' flowers, alongside Trifolium species. Both groups consist of rounded heads of multiple small flowers, but it would have been possible to place Trifolium species in the 'butterfly' shape category on the basis of individual floral morphology. In fact, when the effect of classing flowers of Euphrasia sp. in different colour categories was tested, the results of the co-flowering analyses used were found to be fairly robust with respect to such changes. This is explained by the fact that co-flowering was only compared between species in the same colour and shape group, providing a large number of unique categories.
One of the main assumptions of this investigation, and that of Arnold et al. (2009a) was that inter-specific pollen flow and competition for pollinators are most likely to occur between phenotypically similar species. However, bumblebees may forage at one species while also visiting another, described by Heinrich (1979) as 'majoring' and 'minoring' and believed to allow the bees to learn how to access reward from new species. Bees and other pollinators are also likely to visit different species to obtain different rewards (Benton 2006) . At the hay meadow sites studied here, many individual bees were observed moving between flowers of Rhinanthus minor L. and Trifolium pratense L. (Kipling 2008, unpublished data) which differ in both colour and shape. In these cases differences in floral display are unlikely to increase floral fidelity, because the pollinator is deliberately choosing to forage at different floral types. Instead, the costs of inter-specific pollen flow may lead to selection on flowering phenology, or on floral adaptations that reduce pollen flow by causing pollen to be deposited on different parts of a pollinator's body (Armbruster et al. 1994) . Such processes may lead to a greater differentiation of floral phenotypes than that required to allow pollinators to discriminate between flowers of different species. Further studies investigating whether bees have preferred floral pairings in different communities, and if such 'complementary' pairs display evidence of character displacement, could determine the importance of the processes described.
At one site (wet grassland RH) there was a significant overlap in the flowering phenologies of species with similar complex flowers, when bee colour categories were used to divide species (Table 4 ). The result was not corrected for by the familial relatedness of flowers, and could indicate facilitative floral interactions at the site. However, the habitat at RH was divided into a marshy and a dry section, with clear differences in the plant communities of each area. The spatial distribution of flowers at this site may have allowed species with a shared pollination niche to co-exist without selection acting to differentiate their floral traits (Levin and Anderson 1970) .
Phenological overlap among simple flowers
Some species with simple flowers were not well defined by floral colour and shape and overlapped in flowering times more than expected (Tables 3, 4 ). These simpleflowered species were closely related (belonging to the Ranunculaceae and the Asteraceae). It may be that there has been little selective pressure for such species to differentiate in floral form or phenology since their lineages diverged. This could be the case, for example, because they are not pollen limited, do not rely on sexual reproduction, or facilitate each other's pollination. Previous studies have found that facilitation in pollination systems may be more likely between related species (Sargent and Ackerly 2008; Sargent et al. 2011 ) and between species with similar floral phenotypes (Hegland and Totland 2012) . It may also be that such species have only recently made secondary contact after allopatric speciation (there has been no time for divergence to occur). Alternatively, ecological specialisation may exist, acting through phenotypic differences between these species at a more subtle level than the floral categories used here, or in different dimensions of the pollination niche (such as floral scent or nectar quality). Subtle floral differentiation may also allow species to co-exist by enabling pollinators to express floral fidelity, reducing inter-specific pollen flow (Levin and Anderson 1970) .
Beyond the pollination niche, joint flowering may provide a reproductive advantage, for example through the satiation of seed predators (Janzen 1971 )-although in some studies predation rates have been found to be lower outside peak flowering times, potentially producing disruptive selection on flowering phenologies (Elzinga et al. 2007 ). Dante et al. (2013) found that species in an old-field plant community flowered together more than expected by chance, and proposed that ecological filtering of species by flowering time (according to abiotic and biotic conditions in a particular community) or greater exposure to pollinators during peak flowering, might explain their findings. Further investigation is required to characterise the pollination systems of plant species with simple floral phenotypes, and to determine how they coexist in apparently overlapping pollination niches.
Phenotypic specialisation
The differences between species with simple and complex flowers discussed above, suggest that dividing species according to their level of phenotypic specialisation can reveal patterns that may be hidden if all species are treated together in community level analyses. Here, an analysis of all flowering species (simple and complex together) would have hidden the fact that at the sites observed between 57 and 97 % of co-flowering events were between species with simple floral phenotypes (Tables 3, 4 ). This information is important when considering the nature of the pollination niche structure in these communities, and demonstrates the potential for different pressures to affect the pollination systems of phenotypic specialist and generalist species.
Conclusions
This study supports the finding of Dicks et al. (2002) that many of the flowers in species-rich British grasslands display a level of functional specialisation in terms of the groups of pollinators they attract. However, consistent with Arnold et al. (2009a) there was no evidence of phenological niche displacement between phenotypically similar flowers at the sites studied. This may be because species sorting (Herrera 1992) has already acted to exclude some species from these plant communities. While species with complex flowers could mostly be uniquely defined by floral colour, shape and phenology, species with simple flowers could not. In community level studies, categorising species according to their level of phenotypic specialisation can reveal differences in the pollination niche structures of phenotypic specialists and generalists that would otherwise be overlooked. 
